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AIRBORNE RADAR MOTION COMPENSATION TECHNIQUES:
OPTIMUM ARRAY CORRECTION PATTERNS

INTRODUCTION

The airborne moving target indicator (AMTI) problem is really two problems. Be-
sides the usual MTI problem of designing doppler filters to detect targets of unknown
velocity, AMTI design must account for motion of the platform in relation to fixed ob-
jects (clutter).

It has been shown [1] that doppler processors can maximize the detection of moving
targets if the mean doppler shift of the clutter as well as the shape of the clutter spectrum
are known. To achieve maximum detection requires that the mean doppler shift be accounted
for in the design of the doppler filters.

The performance of the optimal filters is heavily dependent on the width of the
clutter spectrum. Doppler filters can be optimized for a wide clutter spectrum, but the
performance of such filters is worse than that of doppler filters optimized for narrower
clutter spectra. For this reason, any nonstochastic contributions to spectral width, such
as the effects of platform motion, must be removed.

Two systems for compensating platform motion are widely used today. Time Aver-
aged Clutter Coherent Airborne Radar (TACCAR) is a phase-locked system designed by
MIT Lincoln Laboratory to remove the average doppler shift of the clutter. In Ref. 2,
its limitations and a procedure for overcoming them are presented. The displaced Phase
Center Antenna (DPCA) system uses combined antenna/AMTI techniques to remove
spectral spreading caused by platform motion [3,4]. This technique is evaluated in
Ref. 5 for a sine x antenna pattern and a perfect but unrealizable correction pattern. The
main problem is the design of the correction pattern. In this report, the relationship be-
tween any arbitrary array pattern and the corresponding optimum realizable correction
pattern is developed. The relationship is used as the basis of optimum correction patterns
for several array patterns, and the performances of these patterns are compared with those
of theoretically perfect correction patterns.

STATEMENT OF THE PROBLEM

The effects of platform motion are said to be perfectly corrected when the doppler
shifts of the returns from objects located anywhere within the antenna pattern are inde-
pendent of platform motion. Figure 1 shows the effect of platform motion on the ob-
served clutter spectrum. Figure la shows a relatively narrow zero-mean spectrum caused
by internal motion of the clutter or by radar instabilities. Figure lb shows the spectrum

Manuscript submitted January 12, 1976.
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G. A. ANDREWS, JR.

DOPPLER FREQUENCY

(a) Fixed platform

T
0

(b) Moving platform

Fig. 1 -Effect of platform motion on the observed clutter doppler spectrum

as received through an antenna on a moving platform. The doppler shift of a finite
clutter patch is determined by the platform velocity and the angle between the platform
velocity vector and the direction to the clutter patch. The amplitude of the received
clutter energy is determined by the angle at which it is received through the antenna
pattern. The result is that the mean of the observed spectrum is determined by the
pointing angle of the antenna, and its shape by the antenna pattern as shown in Fig. lb.

TACCAR Correction

If a stationary scatterer is located at an angle (0S, 0,) with respect to the aircraft
velocity vector vp, it has an apparent velocity -vp, as shown in Fig. 2.

Y

VP

x

Vt

Fig. 2-Velocity relationships [21
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NRL REPORT 7977

The apparent velocity of the object has a normal component,

n= -Vp COS Os COS Os ,

and a tangential component,

Vt = p sin As cos s.

The doppler shift of a return from this object is approximately

fd = -2 Cn ft

where

ft is transmitted frequency

c is propagation velocity.

If the axis of the antenna pattern is pointing in a direction (Oa, (Oa) with respect to
the aircraft velocity vector, and if the object is at an angle (0, /) to the axis of the antenna
pattern, then

OS Oa + °

so that

n= -up cos s cos (Oa + 0)X

or

2up
fd =7 COS ,s(COS Oa COS 0-sin 0a sin 0), 

where X = ft/c. If we assume isotropic and homogeneous clutter, the doppler shift, aver-

fd =fd o- = 2- cos s cos Oa

With TACCAR, fd is estimated and subtracted from fd to give a corrected doppler of

fd fd fd X' 

which when expanded leads to

Ed v= 2 COs /s [COs 0a(CO5 O-1) - sin Oa sin0] (1)

if the estimate of fd is without error. Reference 2 describes a method for making the
error as small as necessary.

3

li



G. A. ANDREWS, JR.

The effect of platform motion on the received clutter spectrum was shown in Fig. 1.
The result of the TACCAR correction is to shift the spectrum in Fig. lb to a zero mean
value. Remaining is a spectrum, centered at zero doppler frequency, whose shape is deter-
mined by the antenna pattern.

Correcting for Spectral Spreading

After the TACCAR correction, an object at angle 0 with respect to the center of the
antenna pattern has a residual doppler frequency given by Eq. (1). Previously, correction
patterns have been designed to correct only over the main lobe of the antenna pattern,
and the antenna design has been such that the contribution due to side lobes is small
enough to permit the desired radar performance [5]. This report presents a technique
for minimizing the total clutter residue averaged over all angles. The number of degrees
of freedom for an array pattern design is determined by the number of elements in the
array. This procedure uses these degrees of freedom to design for optimal balance be-
tween low sidelobes of the correction pattern and accuracy of the pattern over the main
lobe.

A 12-element antenna array with omnidirectional elements at 0.5-wavelength spacing
was used to illustrate the effect of platform motion on the cancellation of clutter. The
pattern for this array is shown in Fig. 3. A Gaussian clutter spectrum is used:

W(f) = W0 exp (-f 2 /2u ).

I--

L:

CE

N-i

ziE

(2)

F4Va_'F ECIC CE'.TH OF qNT-NNR PATTEfN

Fig. 3-Mean-squared antenna pattern for a 12-element array with
omnidirectional elements at 0.5-wavelength spacing
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For isotropic, homogeneous clutter, neither W0 nor ac is a function of the angle with
respect to the antenna pattern; ac is the standard deviation of the clutter spectrum. The
level of clutter power received at an angle 0 to the center of the pattern is determined
by the two-way antenna power gain at that angle;

W(f,O) = IG(O)I W(f), (3)

where G(O) is the antenna pattern. The expression I G(O )4 represents the two-way power
gain. This relation between clutter power and angle, when averaged over all frequencies
and normalized to the center of the antenna pattern, is illustrated by the curve labeled
"input" in Fig. 4.

The cancellation ratio is given by the ratio of input clutter power to output clutter
power averaged over all frequencies. The output clutter power for a single canceler is
given by

CO(0) = 4 f sin2 (7rfT)W(f, 0) df

where T is the reciprocal of the PRF. Since at this point the radar is assumed to be on a
stationary platform, only the amplitude, and not the shape, of this spectrum is a function
of angle, and the cancellation ratio of an MTI canceler is not a function of the angle.

NO. oF CR'C. 1 CR tD3, - 24.0

Liu
2:

0..

a-_

ZD-j
CE

HNCILL F9ROI C`NTLH CF QNTLNNP P-jTTL:RN

Fig. 4-Clutter power at the input and output of an MTI canceler with no platform
motion. The clutter spectral with a is 0.01 times the radar PRF.
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G. A. ANDREWS, JR.

*, This is demonstrated by the output curve in Fig. 4, which shows a constant 24-dB can-
cellation ratio when ac of Eq. (2) is 0.01 times the pulse repetition frequency (PRF).

When the effect of platform motion is included, the clutter spectra of Eqs. (2) and
(3) become

W(f ) = WO exp [-(f [ fd )2/2a2] (4a)

W'(fO) = IG(0)f W (f). (4b)

The mean doppler frequency fd is given by Eq. (1). The derivative of Eq. (1) with re-
spect to 0 is a maximum at 0a = 900, assuming that 0 is limited to relatively small values,
corresponding to the main lobe of the antenna. Therefore the width of the clutter spec-
trum due to platform motion is a maximum when the antenna is pointing 900 with re-
spect to vp. The resulting clutter cancellation for this worst case is shown in Fig. 5 for
the following conditions:

Oa = 900

vp cos O./X = 0.7 X PRF

ac = 0.01 X PRF.

From Fig. 5 we see that at 0 = 0° the cancellation ratio is 24 dB, since fd is zero at
0 = 0. This is comparable to 24 dB at all angles in Fig. 4 for no platform motion. At
other angles, the cancellation of Fig. 5 deteriorates quickly, even becoming negative in
the sidelobes.

The average cancellation ratio is given by

f r Ci(°) dO
CR =

f Co (O) dO
-7T

where

Ci(G) = W'(f, 0) dO

C0 (0) = 4 f sin2(7rfT)W'(f, 0)df .

The average cancellation ratio is 8.5 dB for the above conditions as compared to 24 dB
for no platform motion. The objective is to design an auxiliary antenna pattern that
when used with the primary pattern minimizes this loss.

6
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a'_.' coiNL i

RNGLELL Fi 9 CE-NTi R (W NTE NNH 1 .qTTLFiN

Fig. 5-Clutter at the input and output of an MTI canceler with platform motion.
The antenna angle 0a is 90, a, is 0.01 times the pulse repetition frequency, and
the velocity factor vu cos 0,/LX is 0.7 times the PRF.

OPTIMAL CORRECTION PATTERNS

Consider an array of elements as shown in Fig. 6-N elements with spacing d and
element pattern E(0). Let N be any positive, even integer. (Equivalent expressions can
be derived for an odd number of elements.)

NORMAL

Fig. 6-Antenna array with N elements. Far-field signal is received at
an angle 0 to the normal axis.
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G. A. ANDREWS, JR.

When a signal v(t) is transmitted through a pattern Gt(0), reflected by a scatterer
located at an angle 0 to the normal axis, and received by the N elements of Fig. 6, the
received signal at the nth element is

Xn = yv(t)Gt(0)E(O) exp[U(w, + wip)tI exp N + 1 )] (5)

where y = Aei5 represents the unknown amplitude and phase of the received signal, Cis
the doppler shift of the scatterer, and cop the doppler shift due to platform motion after
the TACCAR correction. Also,

cop = 2irfd , (6)

where fd is given by Eq. (1). The value of 0, the phase shift between elements, is given
by

2d= sin 0, (7)

where X is the wavelength of the transmitted signal.

The normal receive pattern is defined by a set of weights u, applied to the outputs
of the elements and summed. The signals received through this pattern can be related to
the signals of Eq. (5) at each element and the corresponding weights un by

N
Yr (t) = E unxn (8)

n=1

If the transmitted signal v(t) is a series of radar pulses, the pulse-to-pulse phase ad-
vance of the received signal yr (t) due to platform motion is as shown in Fig. 7.

y,(t+T) Y + T

/ 4 _ y~~------D- 't) ";\ (t)t
(a) b)

Fig. 7-Phasor representation of (a) pulse-to-pulse advance
and (b) platform motion compensation
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For each angle 0, the phase advance 77 is given by

= fT 2Tfd dt = wpT, (9)
0

where T is the interpulse period. To correct for this phase advance, correction signals
Y., and YC2 are added to the received signals, as shown. The objective here is to design
an auxiliary array pattern to provide these correction signals. Ideally, the correction
would simply result in a phase shift of the received signals for each angle 0 across the
antenna pattern. Therefore, the desired corrected signals are

N
Ydl (t) = E UnX , (10)

n =1

where

xn = xne+i PT/2 ; (11)

and

N

Yd2(t) = E X (12)
n=1

where

Xn =xne -COPT/2 (13)

Adding the correction pattern Yc1 to yr(t) yields the actual corrected signal,

Y = Y(t) + Yc. * (14)

The optimal correction pattern is such that the integral

7r/2 2

I1= f 'Yd1 - YI dO (15)
-7r/2

is minimum. The correction signal can be expressed in terms of the weights of the cor-
rection pattern as

N

Yci = E ~bIX (16)
n=1

The weights bn for the correction pattern must be selected to minimize Eq. (15). Using
matrix notation results in

9
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(17)Yr = UTX = XTU,

where

U 1

U2

UN

and T represents the transpose of the matrixes.

YCi = BTX =

where

b

b

and

x1

X2

LXNj

(18)= XTB,

1

2

Ydl = UTX' = XT4U,
where

x1

X2

XN

Using Eqs. (14), (17) and (18) gives

y = (UT +BT)X = XT(U+B').

Expanding the integrand of Eq. (15) results in

IYd1 _ Yl2 = jYd112 + IYI2 - Ydly - Y*Yd

10
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lYdi - A2 = UTX *XP U + (UT* +BT)X*XT(U+B)

UTX XT (U+ B ) - (UT* + BT*) X*X U.

If the above is integrated with respect to 0, Eq. (15) becomes

I = U*P ,U + (U*T+ BTB)P (U+B') - UTPXIX(U+ B') - (UT+ BT)PXX'U, (20)

where

=r/2
x= f Xi*XT dO is the autocorrelation matrix of X'

PX = f X*XT dO is the autocorrelation matrix of X

7T/2

P.Ix = f X'*XT dO is the cross-correlation matrix of X' and X
-r/ 2

=xx 1it X*X, dO is the cross-correlation matrix of X and X'.
-7r/2

14 From the above equations it can be seen that both autocorrelation matrixes are hermitian;
; that is,

(PX?) * = PxJ

(Px ) T* Px 

Also, the cross-correlation matrixes have the following relationship:

(Px'x )T =PXX -

(21)

(22)

The integral I is a minimum if

bI = 0

6b'n

6 n

for all n.

Differentiating Eq. (20) with respect to bn and setting the result equal to zero leads to
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(23)(UT* + BT )P. - UT*PX'X = -

Differentiating Eq. (20) with respect to bn* leads to

P,(U+B') - PXtU= 0. (24)

By taking the transposed complex conjugate of Eq. (23) and using Eqs. (21) and
(22), one obtains Eq. (24). Therefore Eqs. (23) and (24) are redundant and only one is
needed. If Eq. (24) is used the optimum weight vector is

PXBopt = (P ' - PX) U. (25)

Equation (25) gives the relationship necessary for computing the optimum correction
pattern. Simplification of this equation follows.

The element (n1 ,-n2) of the autocorrelation matrix Px is

ir/2
px(nln2) = f 4x 2 dO .

-it/2

Using Eq. (5) yields

px(nl, n2) = Ir2 IV(t)12 f V/2

-1r/2

= lY 2 V(t)l2mX(n1, n2) .

where mx(nl, n2 ) is recognized as an element of a covariance matrix if

rf/2

fir/2
IGt(O)I IE(0)I dO = 1.

In the same way, element (n1 , n2 ) of the cross-correlation matrix Pxx, is

pxx,(n, n 2) = 17l21v(t)J2mxx'(n 1 , n 2 ),

mxx'(nl, n2 ) = 1
7r/2

IGt(O)l2IE(O)i2 ejwpT/2ej(nl-n2)OdO

Equation (29) represents an element of the cross-covariance matrix under the constraint
of Eq. (27). If Eqs. (26) and (28) are used, Eq. (25) becomes

12
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MXBOPt = (M.,' - M.) U

or

BoPt = (Mx Mxx' - I) U. (30)

Equation (30) is the desired relationship for the weight vector of the optimum correction
pattern. The vector U is the weight vector corresponding to the normal receive pattern.
The covariance matrix M, is computed from

m.(nln 2 ) = f IGt(0) 2 IE(O)f2ei(nj n2)¢d. (31)
~~~~ T~~/2

The cross-covariance matrix M,,, is defined by Eq. (29).

The optimum weight vector for the second correction pattern Yc2 of Fig. 7 can be
derived in the same way. This leads to

B" t = (M.-'M,., - I) U, (32)

where the cross-covariance matrix M,," is computed from

mXXI(n1, n2) = f IGt(O)l 2jE(O)12 eiwP2l/2ej(nj-n2)0dO (33a)
7r/2

Then

N
YC2 = E b"x. (33b)

n=1

These two correction patterns minimize the effects of platform motion on an MTI
canceler.

EFFECTS OF OPTIMAL PATTERNS ON MTI PERFORMANCE

The following four examples illustrate the technique for designing platform motion-
correction patterns. The first is the sinc x pattern in Fig. 3. The second uses 12 omnidirec-
tional elements at 0.5-wavelength spacing and 34-dB Tschebychev weights. The third uses
12 dipole elements with 0.9-wavelength spacing and 34-dB Tschebychev weights. The fourth
uses 64 dipole elements with 0.5-wavelength spacing and 34-dB Tschebychev weights. In all
four cases, the same pattern is used for both transmit and receive. The total receive patterns
will consist of these patterns plus the correction patterns defined by Eqs. (30) and (32).

Pattern I

This pattern (Fig. 3) is characterized by an array of 12 omnidirectional elements at
0.5-wavelength spacing. The weights for the normal receive pattern are uniform, so that

13
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Ui = 1.0, i = 1, 2, 3, ... , N.

Using Eq. (30), we compute weights for the first optimum correction pattern for the fol-
lowing parameters:

Oa = 90g

up cos 0,/X = 0.7 X PRF. (34)

The resulting weights are real:

0.935
0.404

-0.200
0.134

-0.103
0.0869

-0.0789
0.0779

-0.0869
0.124

-0.363
_-1.210 -

(35)

These weights determine the correction pattern whose amplitude and phase character-
istics are shown in Fig. 8. When the weights B' t for the second correction pattern are
computed in the same way; they are found to be related to the weights Bopt as follows:

bI= by-_+ 1 , i = 1, 2, ... , N.

The amplitude characteristics of the two patterns are the same and are shown in
Fig. 8. The phase characteristics of the two patterns are different, but the second is very
nearly the negative of the first in phase.

.a,erns are used to correct a, 'I. nceier, as shown in rig. A. sifltii
Gaussian clutter defined by Eq. (4) and

(c = 0.01 X PRF (36)

is applied to the input of this canceler, the relation of clutter cancellation to angle is as
plotted in Fig. 10. Comparing Fig. 10 with Fig. 4, which shows the results neglecting
platform motion, demonstrates that the motion compensation technique allows about
24 dB of clutter cancellation in the antenna main lobe. This corresponds to 24 dB at
all angles in Fig. 4. Therefore, there is no loss in main-lobe clutter cancellation if plat-
form motion is compensated for in this way. However, the output clutter level in the
sidelobes (Fig. 10) is actually higher than the input clutter level. This results in an aver-
age clutter cancellation ratio of 19.6 dB (a loss of about 4.4 dB). Comparing Fig. 10
with Fig. 5, which shows the results with no compensation, reveals that the total cancel-
lation ratio is improved by 11.1 dB. The 19.6-dB cancellation ratio is a maximum for
the selected parameters, and the loss of 4.4 dB results from sidelobe clutter.
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Fig. 8a-Amplitude of the optimum platform motion correction pattern for the
antenna pattern of Fig. 3 and the parameters of Eq. (34)
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Fig. 8b-Phase of the optimum platform motion correction pattern for the
antenna pattern of Fig. 3 and the parameters of Eq. (34)
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C

C
r

a,

r

Yr (t)

OUTPUT

Vc2 Mt)

Fig. 9-MTI canceler with platform motion compensation using the
correction patterns defined by the weight vectors B' pt and Bopt

Cfl

F_--

FEZ. iF i'41.. I CUPR A1 IM,

F- .9!,l- rr;jTr OF qNTI.NN PAR
TT.RN

Fig. 10-Clutter power at the input and output of an MTI canceler with platform
motion compensation using the correction pattern of Fig. 8 and the system pa-
rameters given by Eqs. (34) and (36)
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Pattern II

This pattern uses the same array of omnidirectional elements as the one shown in
Fig. 3 except that the following 34-dB Tschebychev weights are used:

0.1871
0.3227
0.5251
0.7324
0.9033
1.0000
1.0000
0.9033
0.7324
0.5251
0.3227

_0.1871_

(37)

Using this pattern (Fig. 11) for transmit and receive and using the parameters of
Eq. (34), one can compute the weights for the first optimum correction pattern from
Eq. (30). They are

B' =opt 

-0.628 -
0.360
0.0269
0.113
0.102
0.0925

-0.0852
-0.231
-0.363
-0.300
-0.155

.. =-0.200

(38)

The amplitude and phase characteristics of this correction pattern are shown in
Fig. 12. The weights B" t for the second correction pattern are given byopt

bi = b' +j, i = 1, 2, 3, ... , N.

When these two patterns are used to correct an MTI canceler (see Fig. 9), with
Gaussian clutter defined by Eqs. (4) and (36), the clutter cancellation vs angle relationship
is as shown in Fig. 13. From Fig. 13, we see that again the 24-dB cancellation ratio is
achieved in the main lobe, but output clutter is increased in the sidelobes. Since the side-
lobes are much lower than the main lobe for this pattern, they contribute very little to
the average, and the average cancellation ratio is about 24-dB, the same as for no platform
motion. For this case then, there is an insignificant loss in average clutter cancellation
due to platform motion, even though sidelobe clutter is increased.
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-72 -54 -36 -18 0 18 36 54

RNGLE FROM CENTER OF ANTENNR PRTTE9RN

Fig. 11-Mean-squared antenna pattern for a 12-element array with omni-
directional elements at 0.5-wavelength spacing and 34-dB Tschebychev
weights

Pattern III

For this pattern, element spacing is increased to 0.9 wavelength, and a dipole element
pattern and 34-dB Tschebychev weights are used. The resulting pattern is shown in Fig.
14. The corresponding weights for the correction patterns, using the parameters of Eq.
(34), are

Blopt -

-0.315 -
0.160
0.0931
0.0934
0.0901
0.0439

-0.0419
-0.133
-0.189
-0.184
-0.0789

_-0.171 -

(39)

and
(40)

The amplitude and phase characteristics of this correction pattern (Eq. (39)) are
shown in Fig. 15. An MTI canceler with input Gaussian clutter defined by Eqs. (4) and
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Fig. 12a-Amplitude of the optimum platform motion correction pattern for the
antenna pattern of Fig. 11 and the parameters of Eq. (34)
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Fig. 12b-Phase of the optimum platform motion correction pattern for the
antenna pattern of Fig. 11 and the parameters of Eq. (34)
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i.;~. ;'1~ --Alt, I iFE/.'C/M = ? t. :1

ANGLE FROM CENTER OF C.TENNR PRTTERN

Fig. 13-Clutter power at the output and input of an MTI canceler with platform
motion compensation using the correction pattern of Fig. 12 and the system pa-
rameters of Eqs. (34) and (36)

I 1 

-54 -36 -i1 18 36 514

ANGLE FROM CENTER OF ANTENNA PATTERN

Fig. 14-Mean-squared antenna pattern for a 12-element array with dipole
elements at 0.9-wavelength spacing and 34-dB Tschebychev weights
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PNGLE FROM CENTER OF RNTENNO PRTTERN

Fig. 15a-Amplitude of the optimum platform motion correction pattern for the
antenna pattern of Fig. 14 and the parameters of Eq. (34)
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Fig. 15b-Phase of the optimum platform motion correction pattern for the
antenna pattern of Fig. 14 and the parameters of Eq. (34)
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(36) rejects this clutter as shown in Fig. 16. As with patterns I and II, the loss in main-
lobe clutter cancellation is insignificant, but sidelobe clutter level increases. However, be-
cause of the low sidelobe level, the loss in average clutter cancellation is again insignificant.

The total input clutter to the MTI canceler is the sum of the clutter from the receive
antenna pattern plus that from the correction pattern. In Fig. 16, the cancellation is re-
ferred only to the receive pattern clutter. By coherently adding additional clutter in a
methodical way, we have shown that the output clutter level can be decreased. Figure 17
shows the sum of the receive pattern (Fig. 14) and the correction pattern (Fig. 15). The
sidelobes are at about the -25-dB level; therefore sidelobe clutter is at about the -50-dB
level. However, the canceled sidelobe clutter of Fig. 16 is at about the -60-dB level.
Therefore there is about 10 dB of sidelobe clutter cancellation, but not enough to over-
come the additional sidelobe clutter from the correction pattern.

Pattern IV

The last pattern to be considered is shown in Fig. 18. An array of 64 dipole ele-
ments at 0.5-wavelength spacing and with 34-dB Tschebychev weights is used. From
Eq. (30), the weights for the first correction pattern are computed for the following
parameters:

Ga = 90

vp cos 0,/X = 2.4 X PRF.

a:
a:
cc
LU

CD

LI)

sOc or CRC.I

(41)

CR D) = 2'. 0

RNGLE FROM CENTER OF RNTENNR PRTTERN

Fig. 16-Clutter power at the output and input of an MTI canceler with platform
motion compensation using the correction pattern of Fig. 15 and the system pa-
rameters of Eqs. (34) and (36)
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RNGLF FHOM CENTERE OF qNI:NNq PFPTTFRN

Fig. 17-Composite pattern representing the sum of the receive pattern of
Fig. 14 and the correction pattern of Fig. 15

Pl\'ELF FROM CENTFR OF ANTFNNR POTTERN

Fig. 18-Mean-squared antenna pattern for a 64-element array with dipole
elements at 0.5-wavelength spacing and 34-dB Tschebychev weights
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The resulting weights are

(B°Pt)T = [0.625
0.529
0.337
0.243
0.205
0.188
0.165
0.121
0.0519

-0.0332
-0.119
-0.189
-0.226

- -0.221
-0.154
-0.465

0.0847
-0.0113
-0.0724
-0.0786
-0.0520
-0.0198
-0.0032
-0.0131
-0.0485
-0.0983
-0.146
-0.174
-0.169
-0.131
-0.111

0.0631

0.684
0.418
0.281
0.219
0.195
0.178
0.146
0.0891
0.0106

-0.0772
-0.157
-0.212
-0.230
-0.200

0.0571
-0.306

0.0392
-0.0495
-0.0813
-0.0676
-0.0351
-0.0086
-0.0046
-0.0281
-0.0726
-0.124
-0.163
-0.176
-0.153
-0.106

0.397
-0.5701 (42)

The weights corresponding to the second correction pattern are

(43)

The correction pattern corresponding to the weights of Eq. (42) is shown in Fig. 19.
The input and output clutter of an MTI canceler using these patterns, with Gaussian

E

LI'
r--

a:

z

a:

LIj
Lu4

:7C

-10-

I I

ONGLE FROM CENTER OF RNTENNR FRTTFRN

Fig. 19-Optimum platform motion correction pattern for the antenna pattern
of Fig. 18 and the parameters of Eq. (34)
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clutter defined by Eq. (36), are shown in Fig. 20. Again, the loss in main-lobe clutter
cancellation is insignificant, and the sidelobe level is increased. The average clutter can-
cellation ratio is again dominated by the main-lobe clutter, and the loss is therefore
insignificant.

Examination of Fig. 20 shows that the output clutter level in sidelobes very near the
main lobe are especially increased. The composite pattern of Fig. 21 is the result of
adding the correction pattern of Fig. 18 to the receive pattern of Fig. 19. The sidelobes
very near the main lobe are very high, around -25 dB. Therefore, the clutter received
through these composite sidelobes would be near the -50-dB level. Figure 20 shows that
after cancellation, the clutter levels in these regions are higher than -60 dB. Therefore,
less than 10 dB-of cancellation is achieved in these sidelobes, much less than needed to
overcome the higher level due to the correction pattern.

CONCLUSIONS

A method has been presented for designing platform motion correction patterns for
AMTI radar systems. The procedure minimizes the total clutter residue of an AMTI
averaged over all angles. The method is applied to four receive patterns (Figs. 3, 11, 14
and 18), and the corresponding correction patterns are derived (Figs. 8, 12, 15 and 19).
The resulting clutter cancellation vs relationship angle for a Gaussian clutter spectrum
whose standard deviation is 0.01 times the PRF is shown in Figs. 9, 13, 16 and 20.

N4O OF CRNC. CR (DO = 2

E

c:
LI;

a:

LI-

3:
LI

(-I

ANGLE FROM CENTER OF RNTENNR POTTERN

Fig. 20-Clutter power at the input and output of an MTI canceler with platform
motion compensation using the correction pattern of Fig. 20 and the system pa-
rameters of Eqs. (36) and (41)
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Fig. 21-Composite pattern representing the sum of the receive pattern of
Fig. 18 and the correction pattern of Fig. 19

An MTI with no platform motion achieves a cancellation ratio of 24 dB against this
clutter at all angles (Fig. 4). This ratio is achieved in the main lobe of all four sample
antenna patterns (Figs. 9, 13, 16 and 20). However, the sidelobe clutter level increases
at the MTI output in all four cases. For the three patterns whose sidelobe level is very
low (-34 dB), the average clutter cancellation ratio is about 24 dB. Therefore, for these
patterns, the loss of clutter cancellation due to platform motion is insignificant.

The technique summarized in Eqs. (30) and (32) provides a simple procedure for
C07nl,4;-r -C-'ror- nr'r nrpit-otr w,'i'f'±s The equations ar( r'mrrirne? for sol1+io

algebra.
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